Peroxidases (PODs) are a class of enzymes catalyzing the oxidation reaction of substrates with H 2 O 2 , which is produced by various oxidases and superoxide dismutases and causes cell damage in living systems. In clinical analyses, POD is routinely utilized as an analytical reagent for determining trace amounts of the desired vital compounds related to diseases in blood and urine. 1) For example, for the determination of glucose related to diabetes in blood and urine, POD is applied to measure the amount of H 2 O 2 produced through the following reaction (1) catalyzed by glucoseoxidase (GOD). Many attempts have been made to develop metal complexes that exhibit high POD-like catalytic activity.
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2-4) Because a POD mimesis can be used in place of POD in clinical analyses, much effort has been focused on developing an efficient POD mimesis that exhibits high POD-like catalytic activity. Many of them were not necessarily developed as analytical reagents for clinical analyses, although they have exhibited high activities as effective catalysts. [2] [3] [4] To date, only a few artificial mimeses have been developed as POD substitutes that are easily prepared, show high POD-like catalytic activity, and can actually be used in place of POD in clinical analyses. 5, 6 ) Accordingly, we tried to develop a new artificial POD mimesis that is applicable to a practical sample, such as blood or urine, as an analytical reagent.
Many supramolecular complexes linked calix[n]arenes with porphyrins covalently or via ionic interaction have recently attracted much interest due to their characteristic structures and varied functions. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Generally, these supramolecular complexes have been examined for their functions of forming host-guest complexes for various molecules and ions. 7, 10, 11, 22) However, no report has been published on any enzyme-like activity of supramolecular complexes linked calix[n]arenes with porphyrins. So far, both metal complexes of thiacalix[n]arene and porphyrins have been demonstrated to exhibit high enzyme-like catalytic activities. For example, Fe(III)-thiacalix [4] arenetetrasulfonate (Fe 3ϩ -TCAS [4] ) on the modified anion-exchangers has recently been demonstrated to exhibit high POD-like and catalase-like catalytic activities. 6, 24) Furthermore, Mn(III)-tetrakis(4-sulfophenyl)-porphine and Mn(III)-tetrakis(1-methylpyridinium-4-yl)porphine (Mn 3ϩ -TMPyP) on the modified ion-exchange resins have previously been demonstrated to exhibit high POD-like, catalase-like, and/or uricase-like catalytic activities. [25] [26] [27] Accordingly, if metal-thiacalix[n]arene could be linked with metal-porphyrins via ionic interaction, the supramolecular complexes produced would be a new artificial mimesis with two enzyme-like catalytic activities. However, even if two complexes independently exhibited high enzyme-like activity, each complex in the supramolecular complex would not necessarily maintain a correspondingly high enzyme-like activity. In certain cases, the linking of two metal complexes may cause the corresponding enzyme-like activity to diminish or weaken. In this study, based on Fe 3ϩ -TCAS [4] 
Experimental
Materials and Instruments Sodium thiacalix [4] arenetetrasulfonate (TCAS [4] , Fig. 1 ), prepared according to methods described in the literature, 28) was a gift from Cosmo Oil Co. Tetrakis(1-methylpyridinium-4-yl)porphine (TMPyP, Fig. 1 ) was purchased from Tokyo Kasei Kogyo Co. and used without further purification. Peroxidase (POD, from horseradish) and control sera I and II were purchased from Wako Pure Chemical Industries Co., and glucoseoxidase (GOD, from Aspergillus niger) was from Sigma Chemical Co. All other reagents were of analytical or reagent grade and used without further purification.
The buffer solutions used in these methods were 0.2 mol/l CH 3 COOH-0.2 mol/l CH 3 COONa at pH 3-7, 0.1 mol/l KH 2 PO 4 -0.05 mol/l Na 2 B 4 O 7 at pH 6-9, 0.05 mol/l Na 2 B 4 O 7 -0.05 mol/l Na 2 CO 3 at pH 10, 0.2 mol/l NaHCO 3 -0.2 mol/l Na 2 CO 3 at pH 11, and 0.1 mol/l Na 2 HPO 4 -0.1 mol/l NaOH at pH 11.
The absorption spectra were recorded on a Shimadzu UV-1600 PC double-beam spectrophotometer with a 10-mm quartz cell. The refraction spectra were recorded on a Hitachi U-3310 spectrophotometer. For measuring the refraction spectra, samples diluted with 100-300 times K 2 SO 4 were used.
Preparation of Fe -TCAS [4] /TMPyP complex diluted with K 2 SO 4 (20 mg) was added to a mixture containing a sample solution (0.5 ml, 5.0-40 mg of glucose), GOD solution (0.5 ml, 32 units/ml), and the reagent solution (5 ml, a 1 : 1 : 3 (v/v) mixture of 1.0 mg/ml 4-AAP, 30 mg/ml phenol, and pH 5.5 acetate buffer solutions), the mixture was incubated at 40°C for 30 min. After the complex was filtered off, the absorbance at 505 nm of the supernatant was measured against the reagent blank solution.
GOD-POD Method for Determining Glucose as a Reference
This method was applied as a reference to the determination of glucose. A mixture of the sample solution (0.5 ml, 5.0-40 mg of glucose) and the reagent solution (5.5 ml, containing GOD and POD) was incubated at room temperature for 10 min. Glucose was determined by measuring the absorbance at 505 nm of the quinoid dye produced through reactions (1) and (3) in the mixture solution against the reagent blank solution. The reagent solution used consisted of a 0.5 : 1 : 1 : 1 : 2 (v/v) mixture of 32 units/ml GOD, 25 units/ml POD, 1.0 mg/ml 4-AAP, 30 mg/ml phenol, and pH 5.5 acetate buffer solutions. For the determination of glucose in control serum, a solution consisting of the sample solution (0.5 ml) and the enzyme-free reagent solution (5.5 ml) was used as the reagent blank solution.
Removal of Serum Protein from Control Sera I and II A mixture of control serum (2.0 ml) and 1.0 mol/l HClO 4 (2.0 ml) was adequately stirred, and then allowed to stand for 10 min in ice. After the solution was centrifuged at 3000 rpm for 10 min, the supernatant (1.0 ml) of the reaction mixture was neutralized with 0.1 mol/l Na 2 CO 3 and its total volume for sera I and II was adjusted to 10.0 ml and 20.0 ml with a 0.2 mol/l acetate buffer (pH 5.5), respectively. This solution (0.5 ml) was used as a sample solution for determining glucose.
Results and Discussion
Refraction Spectra of Fe -TCAS [4] and TMPyP. As shown in Fig. 3 , the Soret band of TMPyP was observed at 427 nm and the Q-bands at 522, 555, 591, and 648 nm in the spectrum (c) of TMPyP. However, in the spectrum (a) of the Fe 3ϩ -TCAS [4] /TMPyP complex, the corresponding Soret band was observed at 433 nm to higher wavelengths by 6 nm. Moreover, the corresponding Q-bands shifted to higher wavelengths by 4-5 nm. These band shifts of TMPyP indicate that the structure of TMPyP was slightly changed due to the production of a capped-structure, as shown in Fig. 2, Since the absorbance reached a maximum at 1.0 mg/ml of 4-AAP and 30 mg/ml of phenol, these levels were selected for each optimal concentration of chromogen.
Effects of Incubation Temperature and Incubation Time The effects of the incubation temperature and incubation time for the activity were investigated from 20 to 50°C and from 10 to 60 min. Although a small increase in the absorbances at 505 nm was observed with increasing incubation temperature, 40°C was selected because the absorbance became constant and maximum above this temperature. As the absorbance became maximum at 20 min of incubation, the incubation time was chosen to be 20 min.
Effect of Repeated Use In order to elucidate whether the Fe 3ϩ -TCAS [4] /TMPyP complex can be used repeatedly, the effect of its repeated use on the activity was investigated. /TMPyP complex decreased slightly with increasing repeated use, more than 80% of the activity during the first run was maintained, even after using three times. Accordingly, the Fe 3ϩ -TCAS [4] /TMPyP complex can be easily separated and used repeatedly, indicating that the complex shows catalytic activity for reaction (3) .
Calibration Curve and Sensitivity The calibration curve using the Fe 3ϩ -TCAS [4] /TMPyP method under the optimum conditions described above was linear in the range between 1.0 and 35 mg of H 2 O 2 in the sample solution (1.0 ml). The detection limit was 0.5 mg/ml. The correlation coefficient and the relative standard deviation (nϭ5) were greater than 0.995 and 3.5%, respectively, for 35 mg of H 2 O 2 . The apparent molar absorptivity (l/mol · cm) was 2.8ϫ10 3 and 50% lower than that for the corresponding reaction by POD (5.6ϫ10
3 ). Table 1 . All of the substances tested, including HSA (human serum albumin), ascorbate and citrate, interfered appreciably. For practical application of this method to vital samples such as blood and urine, interference by HSA and ascorbate must be considered.
Application to Determination of Glucose In clinical analyses, glucose is routinely determined by measuring the amounts of H 2 O 2 produced through reaction (1) catalyzed by GOD. Accordingly, the POD-like catalytic activity of the To clarify whether the Fe 3ϩ -TCAS [4] /TMPyP complex can be applied to a practical sample, such as blood or urine, determinations of glucose in control sera I and II were carried out by the GOD-Fe 3ϩ -TCAS [4] /TMPyP method. The GOD-POD method was used as a reference. In these experiments, control sera I and II were used after removal of serum protein according to the above method. By this procedure of removing serum protein, control sera I and II were diluted 20 and 40 times, respectively. As shown in Table 2 , each amount of glucose observed by the GOD-Fe 3ϩ -TCAS [4] /TMPyP method was a satisfactory result for both control sera I and II, compared to the result by the GOD-POD method. Accordingly, the Fe 3+ -TCAS [4] /TMPyP complex may be applicable in place of POD to determine the level of glucose in blood.
In conclusion, the Fe -TCAS [4] /TMPyP complex was useful for the determination of glucose in control sera, it may also be applicable to the determination of vital materials, such as uric acid and cholesterol, by using their corresponding oxidases. a) Amount of glucose was 22.5 and 33.6 mg in control sera I and II (0.5 ml) diluted 20 and 40 times by removal procedure of serum protein, respectively.
